TEMPERATURE ADAPTIVE REFRESH CLOCK GENERATOR 
FOR REFRESH OPERATION 

Field of the Invention 

The present invention relates to semiconductor memory 
devices, and more particularly, to a refresh clock generator 
for controlling a refresh operation of the semiconductor 
memories adaptive to a temperature variation. 

Description of Related Art 

In general, semiconductor memory device can be 
classified by Random Access Memory (hereinafter, referred as 
RAM) and Read Only Memory (hereinafter, referred as ROM)- The 
RAM is volatile, but the ROM is nonvolatile. Namely, the ROM 
can keep stored data even though power supply is removed, but 
the RAM cannot keep stored data if the power supply is 
removed. 

The RAM is further classified by Dynamic Random Access 
Memory (hereinafter, referred as DRAM) and Static Random 
Access Memory (hereinafter, referred as SRAM). Each memory 
cell of the SRAM includes six transistors (or four transistors 
and two resistors) that constitute a latch for storing data. 
The latch can reserve the data as long as a power source is 
supplied. In contrast, the memory cell of the DRAM has one 
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transistor and one capacitor for storing data. Data stored in 
the DRAM means the electrical charge in the capacitor, and the 
electrical charge amount is reduced in proportion to a data 
storing time. Therefore, in the DRAM, a periodic refresh 
5 operation should be performed by constantly refreshing the 
memory cells to thereby maintain the stored data. 

In addition, the DRAM receives a column address and a 
row address for selecting a memory cell. The row address is 
converted to a word line selection signal for selecting one of 
10 word lines included in the cell block and the column address 
is converted to a bit line selection signal for selecting one 
of bit lines included in the cell block. 

In the DRAM, one cycle of the refresh operation 
includes following steps: selecting the word line in the cell 
15 block; amplifying charge of stored data in the capacitors in 
response to the selected word line; and restoring the 
amplified data in the capacitors. The word lines are 
sequentially selected at every cycle of the refresh operation. 
Throughout the refresh operation, each charged data is 
20 restored in each memory cell without any loss. 

In the refresh operation, the DRAM needs a refresh 
clock for selecting a different word line at every cycle. A 
refresh clock generator for the refresh operation is used in 
generating the refresh clock and the refresh operation is 
25 performed on the basis of the generated refresh clock. 

Fig. 1 is a block diagram of a conventional refresh 
circuit . 
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As shown, the conventional refresh circuit for a 
refresh operation includes a refresh clock generating unit 10 
and a refresh operation unit 30. The refresh clock generating 
unit 10 is used to generate a refresh clock signal and 
5 includes a bias voltage generator 11 and a clock generator 12. 
The bias voltage generator 11 generates first and second bias 
voltages Vp and Vn which are coupled to the clock generator 
12. The bias voltages Vp and Vn are used in determining a 
frequency of the refresh clock signal outputted from the clock 
10 generator 12. The clock generator 12 generates the refresh 
clock signal frequency-controlled by using the first and 
second bias voltages Vp and Vn, and the refresh clock signal 
is then supplied to the refresh operation unit 30. The 
refresh operation unit 30 receives the refresh clock signal 
15 and executes the refresh operation based thereon. 

Fig. 2 is a schematic circuit diagram of the bias 
voltage generator 11 and the clock generator 12 included in 
the refresh clock generation unit shown in Fig. 1. 

The bias voltage generator 11 includes a PMOS 
20 transistor MP1, a resistor R, and a NMOS transistor MNl. The 
source of the PMOS transistor MP1 is connected to a supply 
voltage source VDD. The gate of the PMOS transistor MP1 is 
connected to it's drain to generate the first bias voltage Vp. 
The resistor R is connected between the drain of the PMOS 
25 transistor MP1 and the drain of the NMOS transistor MNl. The 
source of the NMOS transistor MNl is connected to a ground 
voltage source VSS. The gate of the NMOS transistor MNl is 
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connected to it's drain to output the second bias voltage Vn. 

The clock generator 12 includes a number of serial- 
connected delay controllable inverters IN_1, IN_2, and 
IN_n, wherein n is a positive integer. Like a ring 
'5 oscillator, output of the last delay controllable inverter 
IN_n is coupled back to input of the first delay controllable 
inverter IN_1 and also coupled, as a refresh clock, to the 
refresh operation unit shown in Fig. 1. 

First delay controllable inverter IN_1 has PMOS 
10 transistors MP 2 and MP 3 and NMOS transistors MN2 and MN3. The 
PMOS transistor MP 3 and the NMOS transistor NM3 are operated 
as an inverter. The PMOS transistor MP 2 and the NMOS 
transistor MN2 serve as a delay control of the inverter IN_1 . 
The first and second bias voltages Vp and Vn are inputted at 
15 gates of them and a delay value of the inverter IN_1 is 
controlled or adjusted depend on the first and the second bias 

voltages Vp and Vn. 

in the clock generator 12, each delay controllable 
inverter IN_m-l receives an output signal of the previous 

20 delay controllable inverter IN_m-2 and provides the inversed 
output signal to the next delay controllable inverter IN_m, 
wherein m is a positive integer between 3 and n. The last 
delay controllable inverter IN_n outputs the refresh clock 
signal to the first delay controllable inverter IN_1 and the 

25 refresh operation block 30. 

Fig. 3 describes a graph showing a relationship of a 
reference current Irefl and a temperature in the bias voltage 
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generator 11 shown in Fig. 2. Fig. 4 shows a graph showing a 
characteristic of the refresh frequency versus a temperature 
in the clock generator 12 described in Fig. 2. 

Hereinafter, referring to the accompanying drawings 
5 from Figs. 1 to 4 , the conventional refresh clock generating 
unit will be described in detail. 

First of all, if the supply voltage source VDD and the 
ground voltage source VSS are provided to the refresh circuit, 
the PMOS transistor MPl and the NMOS transistor MN1 of the 
10 bias voltage generator 11 are turned on. As a result, a 
predetermined reference current Irefl is flowed from the 
supply voltage source VDD to the ground voltage source VSS 
through the resistor R. If the reference current Irefl flows 
through the PMOS transistor MPl, the NMOS transistor MNl and 
15 the resistor R, each gate of the PMOS transistor MPl and the 
NMOS transistor MNl is supplied with each bias voltage Vp/Vn 
which is coupled to the clock generator 12. That is, each 
gate of the PMOS transistor MPl and the NMOS transistor MNl is 
connected to the drain of NP1 and MNl respectively. The two 
20 gate connected bias voltages are Vp/Vn which are coupled to 
the clock generator 12. 

Subsequently, the delay controllable inverters IN_1, 
IN_2, and IN_n are enabled by the first and second 

predetermined bias voltages Vp and Vn used in determining 
25 delay value of each delay controllable inverter. The clock 
generator 12 generates the refresh clock signal which is 
provided to the refresh operation unit 30. The operation of 
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the clock generator 12 is similar to that of a well known ring 
oscillator, and therefore, for the sake of convenience, no 
further explanation thereon will be described. 

On the other hand, if an environment temperature of the 

5 DRAM device including the conventional refresh clock 
generator 10 is increased, a resistance of the resistor R is 
increased. Since the current quantity, which flows 

throughout the resistor R, is deeply dependent on the 
resistance of the resistor R, i.e., the equation I=V/R, the 

10 current quantity is decreased and the bias voltages Vbp/Vbn 
are settled in range of values which can diminish the current 
quantity. 

The current quantity flowing through MP2 , MP 4 and MP 6 
is decreased, since the current quantity, which flows through 

15 each delay controllable inverter, is determined by the bias 
voltages Vbp and Vbn. As a result, when each delay 
controllable inverter is operated at high temperature, each 
delay controllable inverter has a longer delay value so that 
the frequency of the refresh clock signal becomes lower. 

20 As described above, the voltage levels of the first and 

second bias voltages Vp and Vn are used in determining a 
frequency of the refresh clock. As a result, the frequency of 
the refresh clock is varied in inverse proportion to the 
temperature, as shown in Fig. 4. 

25 However, it is desired that the period of the refresh 

operation should be decreased in proportion to the temperature 
because stored charge leakage of the capacitor in the DRAM is 
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increased in proportion to the temperature. If the 

temperature is high, stored -data in DRAM would loss quickly 
because of increasing charge leakage. If the temperature is 
low, stored data would be maintained for relatively long time 
5 because charge leakage is slowly occurred. Namely, the 
desired refresh period should be decreased adaptive to a low 
temperature. 

However, if a conventional DRAM uses the refresh clock 
outputted from the refresh clock generating unit shown in 

10 Figs. 1 and 2 according to the prior art, there is often 
occurred a problem that charge leakage may be largely 
increased in a high temperature because of the longer refresh 
frequency. On the other hand, a power consumption may be 
dramatically increased in a low temperature due to unnecessary 

15 refresh operation. 

Summary of the Invention 

It is, therefore, an object of the present invention to 
20 provide a refresh clock generator for solving above statement 
problems and outputting a refresh clock signal having a period 
which is properly changed according to temperature variation. 

In accordance with an aspect of the present invention, 
there is provided with the refresh clock generator including a 
25 bias voltage generating unit for generating first and second 
bias voltages in response to a temperature variation and a 
clock generator for generating a refresh clock signal having a 
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frequency which is controlled or adjusted based on the first 
and second bias voltages, wherein the first bias voltage is 
varied in proportion to the temperature variation; the second 
bias voltage is varied in inverse proportion to the 
5 temperature variation; and the frequency of the refresh clock 
signal is varied in proportion to the temperature variation. 

Brief Description of the Drawings 

10 The above and other objects and features of the instant 

invention will become apparent from the following description 
of preferred embodiments taken in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a block diagram of a conventional refresh 

15 circuit; 

Fig. 2 is a schematic circuit diagram of the bias 
voltage generator and the clock generator included in the 
refresh clock generator shown in Fig. 1; 

Fig. 3 describes a graph showing a relationship of a 
20 reference current and a temperature in the bias voltage 
generator shown in Fig. 2; 

Fig. 4 shows a graph showing a characteristic of the 
refresh frequency versus a temperature in the clock generator 

described in Fig. 2; 
25 Fig. 5 is a graph showing the characteristic of the 

refresh period versus a temperature in the refresh clock 
generator described in Fig. 2; 
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Fig. 6 is the block diagram of a refresh clock generator 
in accordance with a predetermined present invention; 

Fig. 7 is a schematic circuit diagram of a bias voltage 
generating unit shown in Fig. 6; 
5 Fig. 8 is a circuit diagram of the clock generator shown 

in Fig. 6; 

Fig. 9 describes a graph showing a relationship of 
currents and a temperature in the bias voltage generating unit 
shown in Fig. 7; 

10 Fig. 10 describes a graph showing the characteristic of a 

refresh frequency versus a temperature of the refresh clock 
generator shown in Fig. 6; and 

Fig. 11 is a graph that presents the characteristic of a 
refresh period versus a temperature of the refresh clock 

15 generator shown in Fig. 6. 

Detailed Descriptions of the Invention 



20 



25 



Hereinafter, a refresh clock generator according to the 
present invention will be described in detail referring to the 
accompanying drawings. 

Fig. 6 is the block diagram of a refresh clock generator 
in accordance with a preferred embodiment of the present 
invention . 

As shown, the refresh clock generator in accordance with 
the present invention includes a bias voltage generating unit 
1000 for outputting a first bias voltages Vp in proportion to 
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temperature and a second bias voltages Vn in inverse 
proportion to temperature, and a clock generator 500 for 
outputting a refresh clock signal of which frequency is in 
proportion to the second bias voltages Vn and in inverse 
proportion to the first bias voltages Vp. 

Also, the bias voltage generating unit 1000 has a first 
temperature adaptive current generating circuit 100 for 
outputting a first current Ip in proportion to a temperature, 
a second temperature adaptive current generating circuit 2 00 
for outputting a second current In in inverse proportion to a 
temperature, and a bias voltage generator 300 for outputting 
bias voltages Vpl and Vnl corresponding to a third current (Ip 
- In) that subtracts the second current In from the first 
current Ip. 

The bias voltage generator unit 1000 further has a 
subsidiary bias voltage generator 400 for outputting 
subsidiary bias voltages Vp2 and Vn2 corresponding to the 
first current Ip. 

The clock generator 500 is controlled by a first 
operating current corresponding to the bias voltage levels Vpl 
and Vnl and a second operating current corresponding to the 
subsidiary bias voltage levels Vp2 and Vn2 in order to output 
the refresh clock signal based on the first and the second 
operating current. 

Fig. 7 is a schematic circuit diagram of a bias voltage 
generating unit shown in Fig. 6 in accordance with a preferred 
embodiment of the present invention. 
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As shown, the bias voltage generator 300 includes a first 
current-mirror 310 for flowing a forth current In' mirrored 
from the second current In, a first current-mirror 320 having 
MOS transistors MN7 and MN8 for flowing a sixth current ISUB' 
5 mirrored from a fifth current ( Ip - In') that subtracts the 
third current In' from the first current Ip, and a diode- 
connected MOS transistor MP 8 for flowing the sixth current 
ISUB' in the second current-mirror 320. Also, the sixth 
current (ISUB' = a * (Ip-In')) is mirrored from a current that 
10 multiplies the fifth current ISUB by a. 

The first current-mirror 310 includes a diode-connected 
NMOS transistor MN5 for receiving the first current In at its 
gate and drain and connecting its source to the ground voltage 
VSS and a NMOS transistor MN6 for flowing the third current 
15 In' , which is mirrored from the second current In, to the 
ground voltage VSS. 

The second current-mirror 320 includes a diode-connected 
NMOS transistor MN7 for receiving the fifth current ISUB, 
which subtracts the third current In' from the first current 
20 Ip, at its gate and drain, and connecting its source to the 
ground voltage VSS; and a NMOS transistor MN8 for flowing the 
sixth current ISUB' mirrored from the fifth current ISUB. The 
gate of the NMOS transistor MN8 is connected to the gate of 
the NMOS transistor MN7 . 
25 The gate of a diode-connected PMOS transistor MP 8 outputs 

the first bias voltage Vpl to the clock generator 500 and the 
gates of the NMOS transistors MN7 and MN8 that constitutes the 
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second current-mirror 320 output the second bias voltage Vnl 
to the clock generator 500. 

The first temperature adaptive current generating circuit 
100 includes a PMOS transistor MP 2 diode-connected, its source 
being connected to a supply voltage VDD and its drain to its 
gate; a second PMOS transistor MP1 for forming a current- 
mirror with the PMOS transistor MP2, its gate being connected 
to the gate of the PMOS transistor MP 2 ; a NMOS transistor MN1 
diode-connected, its gate and drain being connected to the 
drain of the PMOS transistor MPl;' a NMOS transistor MN2 for 
forming a current-mirror with the NMOS transistor MN1, its 
drain being connected to the drain and gate of the PMOS 
transistor MP 2 audits gate to the gate of the NMOS transistor 
MNl; a diode Dl having a positive input connected to the 
source of the NMOS transistor MN1 and a negative input 
connected to the ground voltage VSS; a resistor Rp connected 
to the source of the NMOS transistor MN2 ; a diode D2 having a 
positive input connected to the resistor Rp and a negative 
input connected to the ground voltage VSS; and a PMOS 
transistor MP 3 for forming current mirror with the PMOS 
transistor MP2, its source being connected to the supply 
voltage VDD and its gate to the gate of the PMOS transistor 
MP2. The first current Ip is generated through the use of a 
mirroring operation of the PMOS transistor MP 3 • 

The diodes Dl and D2 can be typical PN junction diodes 
and, in the Fig. 7, these are formed by connecting its base 
and collector of each bipolar transistor Vbel and Vbe2 . 
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The second temperature adaptive current generating 
circuit 200 includes a PMOS transistor MP 6 diode-connected by 
connecting its source to the supply voltage VDD and its drain 
to its gate; a PMOS transistor MP 5 for forming a current- 
mirror with the PMOS transistor MP 6 by connecting its source 
to the supply voltage VDD and its gate to the gate of the PMOS 
transistor MP 6 ; a NMOS transistor MN3 diode-connected by 
connecting its gate and its drain to the drain of the PMOS 
transistor MP 5 ; a NMOS transistor MN4 for forming a current 
mirror with the NMOS transistor MN3 by connecting its drain to 
the drain of the PMOS transistor MP 6 and its gate to the gate 
of the NMOS transistor MN3; a diode D3 having a positive input 
connected to the source of the NMOS transistor MN3 and a 
negative input connected to the ground voltage VSS; a resistor 
Rn connected between the source of the NMOS transistor MN4 and 
the ground voltage; and a PMOS transistor MP 7 for forming a 
current-mirror with the PMOS transistor MP 6 by connecting its 
source to the supply voltage VDD and its gate to the gate of 
the PMOS transistor MP 6 . The second current In is generated 
through the use of a mirroring operation of the PMOS 

transistor MP 7 . 

The diode D3 can be a typical PN junction diode and, 
herein, this is formed by connecting its base and collector of 
a bipolar transistor Vbe3. 

The subsidiary bias voltage generator 400 includes a PMOS 
transistor MP 4 for forming a current-mirror with the PMOS 
transistor MP 2 by connecting its source to the supply voltage 
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VDD and its gate to the gate of the PMOS transistor MP2 :, the 
third current-mirror 410 having MOS transistors MN9 and MN10 
for flowing a eighth current (p * Ip' ) mirrored from the 
seventh current Ip' , which is mirrored by the PMOS transistor 
MP4, and a diode-connected MOS transistor MP 9 for flowing the 
seventh current Ip' to the third current-mirror 410. The 
eighth current (P * Ip' ) is generated by multiplying the 

seventh current Ip' by p. 

The third current-mirror 410 includes a diode-connected 
NMOS transistor MN9 for receiving the seventh current Ip' at 
its gate and drain and a NMOS transistor MN10 for flowing the 
eighth current (p * Ip' ) , which is mirrored from seventh 
current Ip' , to the ground voltage VSS. The gate of the NMOS 
transistor MN 10 is connected to the gate of the NMOS 

transistor MN9 . 

At the gate of the diode-connected MOS transistor MP 9 , 
the first subsidiary bias voltage Vp2 is outputted and, at the 
gates of MOS transistors MN7 and MN8 that constitutes the 
third current-mirror 410, the second subsidiary bias voltage 
Vn2 is outputted. 

Fig. 8 is a circuit diagram of the clock generator shown 
in Fig. 6 in accordance with a preferred embodiment of the 
present invention. 

As shown, the clock generator is composed of a number of 
inverters IN_1, IN_2, and IN_n which are serially connected 
to each other. Like a ring oscillator, the output of the 
final inverter IN_n is connected to the input of the first 
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inverter IN_1 . For operation of each inverter, there are 
needed the first and the second bias voltages and the first 
and the second subsidiary bias voltages. 

Each inverter IN_1, 1N_2, and IN_n has MOS transistors 
5 MP10 and MNll for inversing the input signal which is received 
at their gates; a PMOS transistor MP13 for supplying a first 
operating current ( ISUB' = a * (Ip - In')) from the supply 
voltage VDD like a constant current source after receiving the 
first bias voltage Vpl at its gate; a PMOS transistor MP16 for 

10 supplying a second operating current ((3 * Ip' ) from the supply 
voltage VDD like a constant current source after receiving the 
first subsidiary bias voltage Vp2 at its gate; a NMOS 
transistor MN14 for supplying the first operating 
current (ISUB' = a * (Ip - In')) to the ground voltage VSS like 

15 a constant current source after receiving the second bias 
voltage Vp2 at its gate; and a NMOS transistor MN17 for 
supplying the second operating current (P * Ip' ) from the 
supply voltage VDD like a constant current source after 
receiving the second subsidiary bias voltage Vp2 at its gate. 

2CL The last inverter IN_n outputs the refresh clock signal 

to a refresh operation unit shown in Fig. 1. 

Hereinafter, referring to Fig. 6 to Fig. 8, there is 
explained the refresh clock generator in accordance with the 
preferred embodiment in detail. 

25 First, the operation of the temperature adaptive current 

generating circuit is explained hereinafter. 

If the supply voltage VDD is supplied to the bias voltage 
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generating unit 1000, the PMOS transistors MP 2 and MPl of the 
first temperature adaptive current generating circuit are 
turned on and the NMOS transistors MN1 and MN2 are also turned 
on so that the first current Ip is flowed through the PMOS 
transistor MPl and the NMOS transistor MNl. In this case, a 
W/L(width/length) ratio of the PMOS transistor MP2 , the PMOS 
transistor MPl, and the PMOS transistor MP 3 is 1:1:1 and, 
moreover, the W/L (width/length) ratio of the NMOS transistor 
MNl and the NMOS transistor MP 2 is also 1:1. 

According to the first current drop across each of the 
diodes Dl and D2 , which is made by the bipolar transistor of 
which emitter is connected to its base, is denoted by 'Vbel' 
and , Vbe2' . Thus, Vbel is represented by Eq. 1, and the first 
current Ip is described by Eq. 2. 

Vbel = Vbe2 + Ip * Rp Eq. 1 

Ip = 1/Rp x (Vbel - Vbe2) Eq. 2 

In addition, the voltage between the base and the emitter 
of the bipolar transistor, i.e., the voltage drop across each 
of the diodes Dl and D2 which is made by the bipolar 
transistor of which emitter is connected to its base, can be 
declared by Eq. 3. 

Vbel = VT x ln(I/Isl), Vbe2 = VT * ln(I/Is2) Eq. 3 

where Isl and Is2 are saturation current; and I 
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represents a current flowing collector to emitter. 



At here, the saturation currents Isl and Is2 are currents 
that are flowed from the collector to the emitter if a 
backward bias voltage between the emitter and the collector is 
supplied above several times. In reference, the backward bias 
voltage is generated in the state that a negative voltage is 
supplied to the collector of the diode-connected transistor. 
The collector in NPN bipolar transistor is connected to its 
base . 

Thus, if the Eq.2 is substituted according to the Eq.3, 
the following can be made. 

Ip = VT/Rp [ln(I/Isl) - ln(I/Is2)] 



Where X VT' is kT/q; k is Boltzmann constant; T is 
temperature; q is a electron charge capacity, therefore Eq. 4 
can be to substituted with Eq. 5. 



If Eq. 5 is partially differentiated by a temperature, 
Eq. 6 can be derived as follows. 



= VT/Rp [ln(ls2/lsl) ] 



Eq. 4 



Ip = kT/q x 1/Rp x ln(Is2/Isl) 



Eq. 5 



dip / dT * k/q x l/Rp x ln(Is2/Isl) 

* + 0.087mV/°C x l/Rp x ln(Is2/Isl) 



Eq. 6 
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So, from Eq. 6, the first current Ip of the first 
temperature adaptive current generating circuit 100 is in 
proportion to a temperature. 

Next, the operation of the second temperature adaptive 
current generating circuit 200 in the bias voltage generating 
unit 1000 is described. If the supply voltage VDD is supplied 
in the refresh clock generator, the PMOS transistors MPS and 
MP 6 in the second temperature adaptive current generating 
circuit are turned on and the NMOS transistors MN3 and MN4 are 
turned on so that the second current In is flowed through the 
PMOS transistor MP 5 and the NMOS transistor MP 3 . In that 
case, the W/L( width/length) ratio of the PMOS transistor MP 5 , 
the PMOS transistor MP 6 , and the PMOS transistor MP 7 is 1:1:1 
and, moreover, the W/L (width/length ) ratio of the NMOS 
transistor MN3 and the NMOS transistor MP 4 is also 1:1. 

Herein, the diode D3 is formed by the diode-connected 
bipolar transistor of which emitter is connected to its base 
and the voltage between both terminals of diode, which 
generated by the second current In, is called by A Vbe3' . So, 
the second current In can be described by the following 
equation . 

Vbe3 = In x Rn => In = Vbe3 / Rn Eq. 7 

If Eq. 7 is partially differentiated by a temperature, 
Eq. 8 is derived as follows. 
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ain / £T = (3Vbe3 / ST) x 1/Rn + Vbe3 x (SRn/dT x l/R2n) 
* (<9Vbe3 / ST) x l/Rn Eq. 8 



Herein, because the variation of a resistance according 
to a temperature is relatively smaller than that of Vbe3, the 
following condition can be obtained. 

| (<9Vbe3 / ST) x l/Rn | » I Vbe3 x (dRn / 3T x 1/R2n) | 

Thus, in Eq. 8, the term of x Vbe3 x (dRn / <9T x 1/R2n) ' 
can be omitted. 

In addition, the partial differentiation of y Vbe' by a 
temperature can be represented by the following equation. 

<9Vbe / £T * - 1.62 mV/°C (if T - 27°C) Eq. 9 

If Eq. 8 is substituted by Eq. 9, the following Eq. 10 
can be obtained. 

ain / dT * - 1.62 mV/°C x l/Rn Eq. 10 

Thus, as seen from Eq. 10, the second current In of the 
second temperature adaptive current generating circuit 200 is 
in inverse proportion to a temperature. 

Next, the operation of the bias voltage generator 300 is 
described hereinafter. 



19 



The first current-mirror 310 in the bias voltage 
generator 300 generates the third current In' mirrored from 
the second current In, which is equal to the second current In 
outputted from the second temperature adaptive current 

5 generating circuit 200, and flows the third current In' to the 
ground voltage VSS. The W/L ratio of the NMOS transistors MN5 
and MN6 in the first current-mirror 310 should be 1 : 1 . 

In addition, the second current-mirror 320 in the bias 
voltage generator 300 generates the sixth current ISUB' 

10 mirrored from the fifth current (ISUB = Ip - In'), which 
subtracts the third current from the first current outputted 
from the first temperature adaptive current generating circuit 
100, and flows the sixth current ISUB' to the ground voltage 
VSS. The W/L ratio of the NMOS transistors MN7 and MN8 in the 

15 second current-mirror 310 should be l:a for mirroring the 
sixth current ISUB' as a times as the forth current. 

If the sixth current ISUB' is flowed through the PMOS 
transistor MP 8 and the NMOS transistor MN8, the first, bias 
voltage Vpl is supplied to the gate and the drain of the PMOS 

20 transistor MP 8 and the second bias voltage Vnl is supplied to 
the gate of the NMOS transistor MN8. 

Because the first current Ip is increased in proportion 
to an increased temperature and the second and the third 
currents In and In' are decreased in inverse proportion to the 

25 increased temperature, the fifth current ISUB, which subtracts 
the third current In' from the first current Ip, is increased 
in proportion to the increased temperature. Therefore, the 
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sixth current mirrored from a current, which multiplies the 
forth current ISUB by a, is increased in proportion to a 
temperature, so the first bias voltage Vpl is increased in 
proportion to increased temperature, 

5 In the other hand, the PMOS transistor MP 4 included in 

the subsidiary bias voltage generator 400 outputs the sixth 
current Ip' mirrored from the first current Ip and the third 
current-mirror 410 outputs the eighth current ((3 x Ip' ) 
mirrored from the seventh current Ip' . The W/L ratio of the 

10 NMOS transistors MN9 and MN10 in the second current-mirror 310 
should be 1 : (3 for mirroring the eighth current ((3 * Ip'). as (3 
times as the seventh current Ip' . . 

If the eighth current ((3 * Ip' ) is flowed through the PMOS 
transistor MP 9 and the NMOS transistor MN10, the first 

15 subsidiary bias voltage Vp2 is supplied at the gate and the 
drain of PMOS transistor MP 9 and the second subsidiary bias 
voltage Vn2 is supplied to the gate of the NMOS transistor 
MN10. 

The first current Ip is increased in proportion to the 
20 increased temperature and the seventh current mirrored from it 
also increases in proportion with temperature increase. 
Therefore, the eighth current ((3 * Ip' ) mirrored from the 
seventh current Ip' is increased in proportion to the 
increased temperature, so the first subsidiary bias voltages 
25 Vp2 is increased in proportion to the increased temperature. 

Next, the operation of the clock generator 500 is going 
to be discussed hereinafter. 
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The clock generator 500, as shown in FIG. 8, has a number 
of inverters IN_1, IN_2, IN_3, .... and IN_N like a typical ring 
generator. Therefore, the description how the clock generator 
500 generates a clock signal is omitted because it is similar 
5 to that of a typical ring generator. And then, the operation 
of an inverter which is a specific part of the present 
embodiment is subseguently discussed in detail hereinafter. 

Each inverter- ex. IN_1- has two PMOS transistors MP13 
and MP16 and two NMOS transistors MN14 and MN17 which have the 
10 function of a constant current source. The operation current 
in one of inverters IN_1, IN_2, IN_3, and IN_N will be 

described because the operation of all inverters in the clock 
generator 500 is substantially same. 

For instance, as understood in the inverter IN_1, a PMOS 
15 transistor MN13 generates the sixth current ( ISUB' = a * ISUB) 
which is flowed from the supply voltage VDD to source of a 
PMOS transistor MP10 after receiving the first bias voltage 
Vpl. The NMOS transistor MN14 generates the sixth current 
ISUB' which is flowed from source of a NMOS transistor MN11 to 
20 the ground voltage VSS after receiving the second bias voltage 

Vnl at it's gate. 

Also, a PMOS transistor MN16 generates a current ((3 * Ip' ) 
which is flowed from the supply voltage VDD to the source of 
the PMOS transistor MP10 after receiving the first subsidiary 
25 bias voltage Vp2 . The NMOS transistor MN17 generates the 
current ( (J * Ip' ) which is flowed the source of the NMOS 
transistor MN11 to the ground voltage VSS after receiving the 
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second subsidiary bias voltage Vn2 at it's gate. The MOS 
transistors MP10 and MN11 inverse a received signal of it's 
gate and thereby outputs the inverted signal to the next 
inverter. 

5 as results, the operating current amount of inverter IN_1 

is a x ISUB + (3 x i P ' that adds the sixth current ISUB' (=a * 
ISUB) to the eighth current ((3 * Ip' ) . The a * ISUB is 
generated by multiplying the fifth current ISUB by a and 
thereon mirroring, which is flowed through the second current- 
ly mirror 320 of the bias voltage generator 300, by the PMOS 
transistor MP13 of the inverter IN_1 . The (3 * Ip' is 
generated by multiplying the seventh current Ip' by (3 and 
thereon mirroring, which is flowed through the third current- 
mirror 410 of the subsidiary bias voltage generator 400, by 
15 the PMOS transistor MP16 of the inverter IN_1 . 

Moreover, as above statement, the first bias voltage Vpl 
and the first subsidiary bias voltages V P 2 are in proportion 
to a temperature. 

Therefore, the operating current (a * ISUB + (3 * Ip' ) of 
20 the inverter in the clock generator 500 is increased in 
proportion to an increased temperature, so the clock generator 
500 generates a high frequency refresh clock signal in 
proportion to the increased temperature and generates a low 
frequency refresh clock signal in proportion to the decreased 

25 temperature. 

As a frequency of the refresh clock signal is increased 
in proportion to the increased temperature, a refresh 
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operation is often occurred at a high temperature states when 
the refresh operation is more often needed and, in contrast, 
is occasionally occurred at a low temperature states when the 
refresh operation is . not often needed, if the refresh 
operation in the semiconductor device, such as DRAM etc., is 
occurred by using the refresh clock signal. 

Therefore, if the refresh clock signal of the present 
invention is used at the refresh operation unit, there is 
surprisingly reduced current consumption which is generated by 
an unnecessary operation at a low temperature because the 
period of the refresh clock signal is longer at the low 
temperature than at the high temperature. 

Fig. 9 describes a graph showing a relationship of 
several currents and temperature in the bias voltage 
generating unit shown in Fig. 7. 

As shown, there are described the first current Ip which 
is increased in proportion to an increased temperature and the 
second current In which is increased in inverse proportion to 
the increased temperature. Also, there is shown the 
relationship of the sixth current ISUB' , which is generated by 
multiplying the fifth current ISUB by a and thereon mirroring, 
and a temperature. 

In the present invention, the first current is in 
proportion to a temperature variation and the second current 
is in proportion to an inverse temperature variation so that 
the refresh clock signal having an increased frequency is 
generated at a high temperature by using the fifth current 
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ISUB. 

If the refresh clock signal is generated in response to 
only the first current Ip which is in proportion to a 
temperature variation, the refresh clock signal having a high 
5 frequency can be generated in proportion to an increased 
temperature. Though a frequency of a preferred refresh clock 
signal is doubled in response to a temperature variation 
whenever about 15'C increases, the preferred refresh clock 
can't be generated by using only the operating current which 
10 multiplies the first current Ip by p in proportion to the 
temperature variation. 

Thus, in the present invention, after the first current 
ip is generated in proportion to a temperature variation and 
the second current In is generated in inverse proportion to a 
15 temperature variation, the bias voltages Vpl and Vnl are 
generated in response to the fifth current ISUB that subtracts 
the forth current In', which is mirrored from the second 
current in inverse proportion to the temperature variation, 
from the first current Ip being in proportion to the 
20 temperature variation. Then, the refresh clock signal is 
generated by using the bias voltages Vpl and Vnl. The refresh 
clock signal generated by using this way has a preferred clock 
frequency according to a temperature variation. 

in the other hand, if the refresh clock generator uses 
25 only the bias voltages Vpl and Vnl generated in above manner, 
there can be occurred the problem that the first and the 
second bias voltages Vp and Vn are not supplied at an 
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extremely low temperature, because the first current Ip is 
smaller than the second current In at the predetermined low 
temperature and the fifth current ISUB, which is generated in 
response to the first and the second current Ip and In and 
severs as a bias current, is not generated below the low 
temperature, i.e., 0°C. 

The 'Tz' point shown in Fig. 9 is a condition that the 
first current amount Ip is same to the second current amount. 
It can be understood by a current curve of the sixth 
current ( ISUB' =a * ISUB) in the graph that the fifth current is 
not generated below 0"C. 

The subsidiary bias voltage generator 400 is included for 
solving this problem in the present invention. In the 
subsidiary bias voltage generator 400, the first and the 
second subsidiary bias voltages Ip2 and In2 are generated by 
only the first current Ip in response to a temperature 
variation. 

The a * ISUB + (J * Ip' curve, shown in Fig. 9, describes 
the operating current generated by the first and the second 
bias voltages Vpl and Vnl and the first and the second 
subsidiary bias voltages V P 2 and Vn2 . Namely, the refresh 
clock signal is generated by the refresh clock generator in 
response to the first and the second subsidiary bias voltages 
Vp2 and Vn2 at a low temperature under 0°C. 

in additional, the refresh operation of a typical 
semiconductor device is occurred at a normal temperature, 
e.g., about 25°C. It is rare that the refresh operation is 
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occurred at a low temperature under, e.g., 0°C. Thus, if the 
semiconductor device in accordance with the present invention 
is not used at a sufficient low temperature, e.g., 0°C, the 
subsidiary bias voltage generator 400 can be omitted. In this 
5 case, several inverters IN_1, IN_2, IN_3, and IN_N in the 

clock generator 500 can have each PMOS transistor MP 13 and 
NMOS transistor MN14 which functions as a constant current 
source . 

Fig. 10 describes a graph showing the characteristic of a 
10 refresh frequency versus a temperature of the refresh clock 
generator shown in Fig. 6. 

As shown, the frequency of the refresh clock signal is 
increased in proportion to an increased temperature. 
Especially, the frequency of the refresh clock signal is 
15 rapidly increased above the A Tz' point which means the 
condition that the first current Ip is equal to the second 
current In. 

Fig. 11 is a graph that presents the characteristic of a 
refresh period versus temperature of the refresh clock 

20 generator shown in Fig. 6. 

As Shown, if the refresh operation is occurred by using 
the refresh clock signal in accordance with the present 
invention, a period of the refresh clock signal being similar 
to that of the ideal refresh clock signal can be gotten in 

25 response to a temperature variation. In addition, the period 
of the refresh clock signal according to the prior art is also 
drawn for easily understanding effect of the present invention 
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by comparing three curves as shown. 

The refresh clock signal of the present invention has a 
similar period of the ideal refresh operation and, especially, 
the frequency of the refresh clock signal is not 
5 discontinuously changed by a periodic temperature variation 
but continuously changed by a minute temperature variation. 
Thus, total current consumption of the semiconductor device in 
accordance with the present invention can be surprisingly 
reduced. 

10 If the refresh operation is occurred by using the refresh 

clock outputted from the refresh clock generator in accordance 
with the present invention, the refresh operation is occurred 
at the preferred refresh period in response to a temperature 
variation . 

15 Also, the total current consumption can be surprisingly 

reduced by controlling that the period of the refresh 
operation is long at a high temperature or short at a low 
temperature. Moreover, because the refresh clock signal of 
the present invention has the preferred frequency which is 
20 continuously changed according to temperature variation, the 
preferred refresh execution can be occurred in response to 
detailed temperature variation. So, the current consumption 
is greatly reduced even though the semiconductor device in 
accordance with the present invention is operated on any 

25 temperature range. 

While the present invention has been described with 
respect to the particular embodiments, it will be apparent to 
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those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in the following 



claims . 
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